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INTRODUCTION 


This report was prepared to provide an independent assessment of 
the system performance and capability during the production period, 
28 November 1977 to 18 January 1978, at the request of the Office of the 
Project Manager for Production Base Modernization (PBM). The intent 
of this report is to document equipment performance in terms of RAM 
characteristics during the prove-out test. It is apparent from the RAM 
data that a significant improvement in equipment performance has 
occurred since an initial cursory assessment of the line during early 
stages of production. This performance growth is primarily attributed 
to equipment design modifications and production experience. 


In addition, this report identifies areas of equipment deficiency and 
recommends improvements to increase efficiency which should be imple- 
mented prior to future procurements of similar equipment. It also presents 
quantitative estimates of equipment RAM characteristics resulting froma 
computerized RAM data analysis. For those who must make a decision as 
to acceptance/rejection/redesign or duplication of this line, this report 
serves as an additional source of information. 


Appendixes A and B provide the information and data on which the 
conclusions and recommendations are based. 


TEST OBJECTIVE 


The objective of the prove-out test was to demonstrate that the 
equipment system is capable of: 


1. Producing an acceptable product, the M483 projectile, in 
accordance with the applicable military specification, MIL-P-48749. 


2. Producing the product at the mobilization (MOB) rate, 
42.800 rounds per month on a 500-hour basis. 


For the automated line to satisfactorily pass the test, it had 
to demonstrate that it could produce at the sustained rate of 42,800 rounds/ 
ma. Ona per shift basis this is equivalent to: 


42,800 round/month 
500 hr/month = 685 rounds /shift 
8 hr/shift 


EQUIPMENT TEST REQUIREMENTS 


To satisfactorily pass the test, each type of equipment had to demon- 
Strate that it could produce an acceptable product at its specified design 
rate during the scheduled production time of 400 minutes per day for 5 
days. The design rates for the various types of equipment are: 


Adapter hardness verification 
Grenade hardness verification 
Lead cup insertion 

Grenade body loader system 
Fuze assembly system 


Final assembly/pack-out 


- 90 parts/min 
- 90 parts/min 
- 90 parts/min 
- 90 parts/min 
- 30 parts/min 


- 1.8 parts/min 


The prove-out test of the automated M483 LAP line at LSAAP con- 
sidered the following number of each type of equipment: 


Type 
Adapter hardness verification 
Grenade hardness verification 
Lead cup insertion 
Grenade body loader system 
Fuze assembly system 


Final assembly/pack-out 


Number of Machines 
1 
5 
5 
5 
10 


Two parallel lines 


In order to meet the MOB rate requirement for the production line, 
the following minimum net shift rates for each system had to be observed 


during the test: 


Type. 
Adapter hardness verification 
Grenade hardness verification 
Lead cup insertion 


Grenade body loader system 
Fuze assembly system 


Final assembly/pack-out 


Minimum Net Rate 


9480 adapters/shift 
60280 grenades/shift 
60280 grenades/shift 


60280 grenades/shift 
60280 grenades/shift 


685 projectiles/shift 


RESULTS OF PROVE-OUT TEST 


Ram Summary 


Overall estimates of RAM characteristics, for each production area 
based on the prove-out data, are provided in Table I-1. 


Table I-1. System RAM Summary. 


No. 
failures MTTR MTBF Availability 

Hardness verification 114 137 81 0.983 

Adapter 19 1.18 98 .8 0.988 

Grenade 95 1.41 (a oe 0.982 
Lead cup insertion 335 1.59 22.0 0.933 
Body loading 934 2.102 6.2 0.754 
Fuze assembly 4055 0.92 3.46 0.79 
Final assy/pack-out 

East line 182 2.60 258 .6 0.774 

West line 105 2.40 461.6 0.879 


Production Summary 


Daily production of assembled grenades and packed out projectiles 
during the prove-out test is Summarized in table I-2. These results 
compare very favorably to the MOB requirements of 60280 grenades/ 
shift and 685 projectiles/shift. 


Expected Production Capability 


Based upon the results of the prove-out test, it is anticipated that 
LSAAP could produce in excess of the MOB rate of 42,800 projectiles 
per month on a 3/8/5 basis using all equipment and a scheduled uptime 
of 400 minutes per shift. The expected production quantities for loaded 
grenades, assembled grenades, and loaded projectiles can be calculated 
using the following formulas: 


Grenade Loading, Lead Cup Insertion, and Fuze Assembly 


Prod Qty = (observed rate) (avail) (sched uptime) (no. machines) 
1 + reject rate 
Projectile Loading/Pack-Out 
Prod Qty = Net rate x sched uptime 


Application of these formulas results in the following expected 
production quantities: 


lead Cup Insertion 


= (78.5) (.933) (6) (400) _ grenades 
Prod Qty = a D004 = 1/5,/777 shift 


Grenade Loading 


_ (96.6) (0.755) (6) (400) _ grenades 
greg Sb? = 1.0079 = Ae aes 


Grenade Assembly 


“ (27.3) (0.790) (18) (400) _ grenades 
Prod Qty = 70378. “0378 = 149,626 shift 


Projectile Loading/Pack-Out 


Prod Qty = 2.67 x 400 = 1068 pee (for both lines) 
In terms of the MOB rates, 42,800 projectiles per month is 
equivalent to: 


42,800 proj/mon _ 
62.5 shift/mon ~ 0” Proj/shitt 


_ 685 proj/shift _ — 
AND net rate = 400 min/shift ~ 1.71 proj/min 


The net rate demonstrated by LSAAP during the test was 2.67 
projectiles per minute. This figure represents a combination of both 
the east and west LAP lines. Assuming that LSAAP would utilize both 


lines during mobilization, the projected production would exceed the 
MOB rate requirement of 42,800 projectiles per month. 
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If in addition the M509 MOB rate of 22,000 projectiles/month 
is taken into consideration, there is an additional grenade production 
requirement of 68,640 grenades/shift. When added to the M483 grenade 
production requirement of 60,280 grenades/shift, a total requirement of 
128,920 grenades/shift results. The expected grenade production quanti- 
ties computed above indicate that these requirements are easily exceeded. 


DEFINITIONS 


The following definitions and assumptions were used in the data 
analysis of this system: 


Equipment Stop Codes 
Code 0 - Start of Shift 


Code 1 - End of Shift 

Code 2 - Break/Lunch 

Code 3 - Unscheduled Stop (Failure) 

Code 4- End of Test 

Code 5 - Preventive Maintenance 

Code 6 - Administrative Downtime 

Outliers 
Code 7 - Outlying Data 
One of these codes appears in column 15 on each computer data card 

required for the computer analysis. They are presented here because 
they provide a simple way of defining the terms used in this report. 

Scheduled Uptime - Total Shift Time - 2(Code 2 + Code 6 + Code 7) 

Actual Uptime = Scheduled Uptime - 2 (Code 3 + Code 5) 

Availability = Actual Uptime/Scheduled Uptime 

MTBF = Mean-Time-Between-Failures 

MTTR = Mean-Time-To-Repair (Mean Downtime) 

Observed Rate = Quantity Produced/Actual Uptime 

Net Rate = (Quantity Produced - Rejects) /Scheduled Uptime 


Variations noted in the scheduled uptimes are attributed to the system 
operating into or during breaks and lunch periods, early or late start-ups 
and maintenance running into break/lunch periods. 
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CONCLUSIONS AND RECOMMENDATIONS 


Conclusions 


1. Based upon the prove-out test results, LSAAP demonstrated that 
the 155 mm M483 LAP line is capable of meeting the mobilization rate if 
required to produce on a 3/8/5 shift schedule. These results indicate 
a substantial improvement in RAM and production performance over the 
early stages of production, approximately one year ago, at LSAAP. 


2, The fuze assembly machines will show a significant increase in 
availability and production output if the fuze feed and placement problem 
is corrected. It will also require less repetitive maintenance as this 
problem was responsible for 40% of the failures and represented 43% of 
the repair time. 


3. The unwinding of fuze ribbons is a serious problem. Although 
it is not directly associated with a RAM problem, it does require con- 
siderable manpower to rewind these ribbons and, therefore, reduces 
the overall efficiency of the fuze assembly machine operation. 


4. Another problem observed during the prove-out test was the 
excessive reject rate encountered with the fuze assembly machine 
Operation. On two different days one machine exhibited reject rates of 
8 and 15%. Since a different machine exhibited a reject rate less than 

% on three consecutive days, it is logical to assume that this problem 
can be corrected. Resolution of this problem would further increase the 
overall efficiency and production capability while reducing unit production 
costs. 


5. The hardness verification equipment performed as expected and 
demonstrated an availability of 98%. 


6. The body-loading system experienced outfeed nest jam problems 
with the ultrasonic cleaner, hung pallets in the powder feed system, in- 
feed body assembly jams and upper cam jams in the pellet press, and cone 
jams in the cone swage area. These problems appear to have simple 
solutions since they involve nothing more than material handling equipment. 
Improvements in these areas would result in a significant increase in the 
system availability and production output. 


7. The lead cup insertion equipment exhibited a lead cup feed 
problem responsible for 55% of the downtime. Resolution of this problem 
would result in a significant improvement in overall efficiency and pro- 
duction capability of this equipment. 


8. The final assembly/pack-out equipment experienced a recurring 
problem during the test; the transfer systems had a total of 36 stoppages, 
totaling 121 minutes, because no pallets were available. Addition of more 
pallets to the transfer systems would eliminate this problem, increasing 
the system availability approximately 2 to 4% which, in turn, would in- 
crease the combined net production rate from 2.67 projectiles/minute to 
2.75 projectiles/minute. 


9. Since the final assembly/pack-out system is serially arranged, 
major problems could occur if a one-of-a-kind piece of equipment (e.g., 
torque test machine) experienced significant downtime on any given day. 
The performance of this line could be greatly improved by using parallel 
grenade stacking stations and providing for additional equipment which 
would be in parallel with the present equipment at the base plug torque 
station, the zone weigh station, and the leak test station. 


Recommendations 


1. Based upon results of the prove-out test, it is recommended that 
the line be accepted and transferred to ARRCOM. 


2. Since the fuze feed and placement is a serious problem, improve- 
ment or redesign should be considered and implemented prior to pro- 
curement of similar equipment for follow-on projects. 


3. The deficiencies encountered with the body-loading equipment 
should also be corrected prior to procurement of similar equipment for 
follow-on projects. 


4, While not a RAM problem, the unwinding of fuze ribbons does 
affect the overall efficiency and should be corrected. The following 
factors have an influence upon the ribbon staying wound: 

a. Width of heat seal 
b. Rigidity of both the ribbon and tape stiffener 


c. Adjustment and speed of ribbon winders 


5. The problem of excessive reject rates experienced on the fuze 
assembly should be studied closely and corrected since it will reduce 
production costs and improve efficiency. 


6. Since the lead cup feed problem is a serious problem with the 
lead cup insertion equipment, improvement or possible redesign or 
modification should be considered and implemented prior to procurement 
of similar equipment for follow-on projects. 


7. The problem of irregularities of the lead cup insertion hole in the 
grenade bodies should be investigated. If it is a serious problem, addition- 
al preparation of the grenade body at the load plant may be required to 
eliminate the excessive administrative downtime caused by lot-to-lot 
variations of the grenade bodies. 


8. The efficiency of the pack-out could be improved if parallel 
grenade stackers were used in place of the present series arrangement, 
and additional pallets were added to the transfer systems. These features 
should be incorporated into similar follow-on LAP projects. 


9. Since data collection is a tedious process and a great deal of effort 
was spent putting the collected data into proper format, future data should 
be collected and recorded in accordance with the format required for 
computerized RAM analysis (fig. III-A). 


10. Results of this prove-out in terms of equipment performance 
should be used to generate RAM requirements and acceptance criteria 
for equipment to be procured for follow-on projects and also to serve as 
a basis for sizing similar facilities. 


11. A RAM data base for equipment performance is currently being 
established and data from this prove-out will be included. Additional 
data on this line should be gathered periodically to expand the data base 
for the equipment making up this production line. A three-day collection 
project should be planned by the Project Manager, PBME&E to be imple- 
mented every 6 months for RAM-growth tracking purposes. 


APPENDIX A. DETAILED DISCUSSION OF RESULTS AND SYSTEM DESCRIPTION 
I. INTRODUCTION 


The following information provides the details of the RAM of the 
155 mm M483A1 Automated Assembly and Pack-Out System upon which 
the conclusions and recommendations are based. 


Il. DISCUSSION OF RESULTS 
A. GENERAL 


In order to facilitate analysis of RAM data collected during Prove- 
Out, the M483 LAP line at Lone Star AAP was separated into five specific 
systems: 


Adapter/Grenade Hardness Verification 
Lead Cup Insertion 

Grenade Body Loading 

Fuze Assembly 

Final Assembly/Pack-Out 


mewn 


For each of these systems, with the exception of Final Assembly/ 
Pack-Out, sets of failure codes were developed for uniformity in failure 
identification and streamlining the RAM analysis. In addition to being 
necessary for performing an accurate RAM analysis, the failure code 
assignment was extremely useful in conducting the downtime and subsystem 
failure analyses aimed at pinpointing RAM problem areas. 


In a preliminary review of the data it was discovered that certain 
failures which occurred exhibited repair times which were unusually long 
in comparison to repair times for other failures of the same code encountered 
for each specific system type. It was decided that a formal and consistent 
procedure would be used to exclude these outlying observations from further 
analysis. All applicable data was grouped according to failure code for 
each system. A data base consisting of RAM data recently gathered on 
similar equipment, in addition to the LSAAP Prove-Out data, was used to 
compute a reasonable estimate of mean-time-to-repair (MTTR) and de- 
termine a frequency of failure for each failure code. Accritical value based 
upon failure frequency was calculated for each failure code. The critical 
value for a particular failure code was based on the desire to remove ob- 
served times-to-repair which, under the assumed exponential repair dis- 
tribution with mean equal to the estimated MTTE, had only a small proba- 
bility of occurring. If an individual failure resulted in a time-to-repair 
greater than the critical value for its particular failure code, this failure 


was removed from the data as a Statistical outlier. These outlying 
observations were then eliminated from further consideration in 
analyzing the data. This process resulted in an analysis which more 
accurately measured equipment RAM performance by removing anomalies 
which are very likely operator/maintenance personnel dependent. 


In the case of the Grenade Body Loading and Fuze Assembly 
systems, differences between machines of a given type in terms of 
availability and production capability were examined via statistical 
test. The rationale and results of these tests are briefly discussed in 
the sections describing the RAM data analysis for each system provided 
below. 


B. DATA ANALYSIS 
1. ADAPTER/GRENADE HARDNESS VERIFICATION 
a. General 


This section summarizes the adapter/grenade body 
hardness verification equipment performance during the Prove-Out test. 
It includes combined overall adapter/hardness verification system RAM 
characteristics and production performance; and a detailed downtime 
analysis to pinpoint frequent causes of failure. In order to facilitate the 
required analysis, a list of expected failure modes with associated codes 
was developed. 


b. Failure Codes and Outlier Criteria 


Table !I-1 contains a list of the failure codes with their 
respective definitions. Table I!-2 provides, for each failure code, its 
data base frequency of occurrence, its data base average repair time, 
and its critical value for determination of outliers. 


TABLE !t!-1 FAILURE CODES - HARDNESS VERIFICATION 


FAILURE CODE FAILURE MODE DEFINITION 

30 Miscellaneous problem 

31 Conveyor jam Part jam occurs on conveyor 

32 Body jam Part jams in worm gear 

33 Body overturned Parts falls on conveyor and causes 
jam 

34 Body backup Part jam occurs after test machine 

35 Calibration drift Good parts are rejected; machine 
requires recalibration 

36 Tray up jam Starwheel jams and causes machine 
to shut off 

og Traying Electrical problem causes machine 


to shut off 


TABLE II-2 HARDNESS VERIFICATION OUTLIER CRITERIA 


FREQUENCY CRITICAL VALUE 


5. 3667 16.1000 
1.3450 6... A252 
0.8910 4.4552 
0... 7081 3.5453 
0.2670 0.8010 
4.8167 14.4500 
0.3085 0.0259 


14,9750 44.9250 


Each repair time was compared to the critical value cor- 
responding to the code of the failure being corrected. If the repair 
time was greater than the critical value, only then was it identified as 
an outlier and not considered in subsequent analyses. Out of the total 
of 116 stoppages which were considered equipment failures, only 2 repair 
times were found to satisfy the outlying criteria and were deleted. These 
outliers are provided in Table II-3. 


TABLE II-3 OUTLYING DATA FOR HARDNESS VERIFICATION 
REPAIR FAILURE 
TIME CODE 


013078 ADAPTER HARDNESS 


011178 BODY HARDNESS #6 


1 


c. RAM AND PRODUCTION PERFORMANCE 


Combined overall and individual station RAM performance 
of the adapter/grenade hardness verification equipment is summarized in 
Table II-4, Each grenade hardness station consists of a conveyor, de- 
magr.etization coil, eddy current coil, and tray-up machine and is required 
to perform a relatively simple operation. The only difference in adapter 
harcness equipment was the use of a separate feeder and conveyor. One, 
therefore, would not expect many RAM problems to exist with this system 
and the results in Table II-4 bear this out. Of particular importance 
is the high overall system availability of .98 observed during Prove-Out. 


The ability of the hardness verification equipment to 
meet production requirements is apparent when the M483 production require- 
ments of 5480 adapters per shift and 60280 grenades per shift are compared 
to the actual observed production quantities from the five shifts during 
which Prove-Out data was gathered. These quantities are provided in 
Table II-5. There was no evidence that the hardness verification equipment 
could not meet its design rate of 90 parts per minute. Situations in which 
the rate was observed to fall below this value were caused by the rate at 
which grenades were being manually fed to the conveyor rather than the 
actual capability of the equipment. The rate of manual feeding was, of 
course, governed to a large extent by the reduced M483 production schedule 
that prevailed during the Prove-Out test. 
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DOWNTIME ANALYSIS 


The data was grouped according to failure codes and analyzed to pinpoint 
equipment deficiencies which should be improved prior to future procurements 
of similar equipment. Table II-6 summarizes the downtime by failure code 
and machine and Table II-7 provides a summary of the downtime for each code. 
As evidenced by this data, this system does not appear to exhibit any signifi- 
cant RAM problems, being available 98% of the time. 
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TABLE II-6 DOWNTIME ANALYSIS OF HARDNESS EQUIPMENT 


MACHINE CODE FREQUENCY TOTAL TIME MTTR 
ae 8 3aS 0.490 


ADAPTER 32 10 15.48 155 
35 1 2.90 2.90 
31 19 2257 1.19 
BODY HARDNESS 2 39 7 iD. = 1.79 
31 8 12.60 1.58 
BODY HARDNESS 3 39 i 0.88 0.88 
rr | i) eas 11.60 5.80 
31 14 22.10 1.58 
BODY HARDNESS 4 39 1 Lat? 1.17 
33 2 1.60 0.80 
31 14 10,13 G..72 
BODY HARDNESS 5 33 4 a t 1,57 
i i a 0: | oa ay Sa 
31 20 ZO 1/ 1.31 
BODY HARDNESS 6 32 l 0.95 0.95 
33 i 150 1.50 
el 


TABLE II-7 DOWNTIME SUMMARY OF HARDNESS EQUIPMENT 


CODE FREQUENCY TOTAL DOWNTIME 


30 3 16.1 
| 83 IT 63 
32 20 aay 0 
33 7 8.6 
aD 1 Zo 
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2. LEAD CUP INSERTION 
a. GENERAL 


This section summarizes the lead cup insertion equipment 
performance during the Prove-Out test. It includes individual and combined 
system RAM characteristics, a summary of production performance, and a 
detailed downtime analysis which pinpoint frequent causes of failure. In 
order to facilitate the required analysis, a list of expected failure modes 
witn associated codes was developed. 


b. FAILURE CODES AND OUTLIER CRITERIA 


Table II-8 contains a list of failure codes with their 
respective definitions. Table II-9 provides, for each failure code, its 
data base frequency of occurrence, average repair time and its critical 
value for determination of outliers. Out of the total of 340 stoppages 
whith were considered equipment failures, only five (5) were found to 
satisfy the outlying criteria and were deleted. These outliers are provided 
in Table II-10. 


TABLE II-8 FAILURE CODES - LEAD CUP INSERTION 


AILURE CODE FAILURE MODE DEFINITION 


Miscellaneous problem Lead cup machine 


No body No body at lead cup machine; 
Limit switch stops machine 


Infeed jam Bodies jam entering lead cup 
machine 


Outfeed jam Bodies jam on outfeed conveyor 
Feeder jam Lead cup jam occurs in feeder bowl 


No body No bodies at traying machine; 
Limit switch shuts off machine 


Infeed jam Bodies jam at traying machine 
No tray Tray not present at traying machine 


Tray overrun Tray contacts limit switch and 
causes machine to shut off 


No lead cups Feeder bowl out of lead cups 


Starwheel jam Starwheel requires adjustment or 
realignment 
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TABLE II-9 LEAD CUP OUTLIER CRITERIA 


FREQUENCY CRITICAL VALUE 


TABLE II-10 OUTLYING DATA FOR LEAD CUP MACHINES 


REPAIR MACHINE FAT LURE 
TIME NO. CODE 
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c. RAM AND PRODUCTION PERFORMANCE 


A summary of the RAM data, resulting estimates of RAM 
characteristics, and production data for the five lead cup machines ob- 
served during the demonstration test is provided in Tables II-11 A&B. 

This table also includes a presentation of the combined data and estimates 
for the five machines. It should also be noted that the machines operate 
with negligible reject rate, less than 0.05%. 


Table II-12 provides a summary of the daily RAM performance 
of each lead cup machine. The table includes estimates of MTBF, MITR, and 
availability, as well as the number of failures observed each day. A 
graphical portrayal of the variability in daily availability appears in 
Figure II-A, 


The null hypothesis, that all five lead cup machines are 
equivalent in terms of anticipated availability, was not rejected using 
a one-way analysis of variance at the .05 level of Significance. Because 
of the large amount of scheduled uptime on each day in comparison to the 
observed MTBF and MITR estimates, it was assumed that the distribution 
of daily availability estimates could be approximated by a normal distri- 
bution. This served as the basis for the statistical test employed. 


Daily production is summarized in Table II-13, It can 
be seen from this table that the production requirement of 60,280 grenades 
per shift was achieved during the demonstration test. When the entire 
production observed over the five day period is combined, it can be seen 
that on the average the requirement of 60,280 grenades/shift for the M483 
production is easily exceeded. 


The data summarized in Table II-13 reflects another impor-~ 
tant fact. On 3 of the 25 machine days the observed rate (total processed 
* actual uptime) exceeded the design rate of 90 parts per minute. This 
demonstrates that the machines are inherently capable of meeting the design 
rate. 


19 


S°SZ 


SCé 


brPscs 


9 


SSSv2 t 


é 


Sveset 


Gt 


9TS6Cr 


SdUNTIVA 
dO “ON 


AYVAWNS NOTLONGOUdATT-Il ATVs 


dWIL 
dIVddda 


AUVAWNNS WVE-VIT-II dTavi 


8 °O9SL 


9°62ZLT 
L°cO9T 


S$ POST 


T°Z20T 


6°StrT 


SHNTHOVW NOILYXSNI dfhd dvd dO AYVWAWNS 


0 


COL VOT 


f°L68L 


8° VOLT 
9°069T 
L°289T 
a CSE 


9°209T 


ALVY ddAddSdO 


SLOdCHY TVLOL 


ALO NOILONGOUd 


WHLSAS TIVYXAO 


T1692 6°99 89LPZ o“ls ¥Z862 6°¢8 T8062 9°08 C6682 6° SZ 888TC 9 


69022 0°S8 8CLLC 0°62 v8Slz 9 EL 62 2¢~ 9°18 9LLLC ¢°Tor 9TP8z S 
£06S2 1°sg L89b2 2°28 Z89ZC £ St 968¢2 Cc Sd 069SZ2 0°S6 09992 v 
896rI 9°02 cItst T°62 eStv T°62 2rd T°Ts8 yOLSZ $° 25 8P96T £ 
8L89C v°6¢ perl 0°99 v8S6T G22 cLT9Z OvéL 9S9Cc "26 9Tr8Z c 
NOILONGOUd NIW/d ALO NIW/d ALO NIW/d ALO NIW/d ALO NIW/d “ON 
ATIV dLVa NOT LONIOUd dLVu NOF LONGO d dLVa NOI LONGOYd aLVa NOtLLONGOUd dLVa NOTLONGOUd ANT HOVW 
FOVYFAV S# AVG v# AVG £# AVG c# AVG T# AVd 


SHUNTHOVW dD VAT Y¥Od NOILONGOUd ATIVA ST -II ATAVL 


646°0 68°O SO 6 LE6°@ i9°1T 2°69 S f86°0 ZI*T 6°6S 9 696°O pe°t 2°Ty £ 9 


6$6°0 946°0 £9°0 0°92 cl 026°O 2I°c f° ve vT cS6°0 €£6°0 .2°Si ST 5 


096°0 £96°0. £O°e 1°Ge v TZ6°O 9P°T 8°8r Zz vS6°O T6°IT O°Gr ys v 


SSS 0 8°Z £96°0 ¢P°O f£°TE ¢ ¥96°0 46°O0 0°92 él cL8°O vI*® 1°82 IT ¢ 


Grz by 096°0 ¢S°O 6°2T 9¢ Zoe°o gil <0 82 SS6°O0 SZ2°T S*98 8 c 


€S8°0 


SHUNTIVd ‘TIVAV ULIN dgIWN SSYNTIV TIVAV UYLIN AGIN SHUNTIVd TIVAY ULIN ddiN Saaumlivad TIVAV ULIN ddalN Sdunlivd ON 
"ON "ON "ON, "ON * ON INTHDVW 
pH AVU S# AVG Z# AVG L# Av 


4AdLW 


SLINSAY WVU FJNIHOVW dND dval ATIVG ZI-II ATAVL 


21 


d. DOWNTIME ANALYSIS 


The RAM data gathered on the lead cup machines during the 
demonstration test was analyzed by failure code on each machine separately 
and all machines combined. The primary purpose of this analysis was to 
highlight equipment RAM deficiencies so that improvements can be considered 
on present equipment and instituted for future procurements. 


The results of the downtime analysis indicate three problem 
areas common to all machines. They are summarized in Table II-14. 


TABLE II-14 LEAD CUP RAM PROBLEM AREAS 


FAILURE MODE CODE FREQUENCY DOWNTIME % DOWNTIME 
(FEECER JAM 44 104 154.5 20 0 
NO LEAD CUPS 49 84 82.8 19.2.9 
SUBTOTAL - 188 247.5 44.5 
OTHER CAUSES = 147 285.1 BO\eiad 
TOTAL = 335 532.4 100.0 


Both of these failure modes are related since they both involve 
leac cup jams. The jam occurs either prior to entering the feeder bowl or in 
the feeder bowl. The end result is the same; a grenade body is at the staking 
Station and no lead cups are available. In addition to these failure modes, 
two miscellaneous lead cup problems involved cleaning of the syntron feeder 
bowl and occurred immediately after a lead cup jam. These two stoppages 
acccunted for 69 minutes of downtime. Each of these problem areas is directly 
related to feeding of the lead cups to the staking station. This feed problem 
is responsible for 316 minutes of downtime or approximately 59% of the total 
downtime. It also represents 57% of the total failures recorded for the lead 
cup insertion system. Improvement of the lead cup feed system would result 
in &@ significant increase in the availability of these machines and an improved 
production capability. 


Another problem encountered with the lead cup insertion in- 
volved lot-to-lot variations in the grenade bodies, and in particular, 
the lead cup holes in the grenade bodies. Irregularities of the lead cup 
hole due to piercing and coating operations present a problem with an auto- 
mated system which inserts and stakes the lead cup. This problem did not 
exist with manual placing and staking of the lead cup. The problem disappears, 
if @ particular lot of bodies causing the problem is replaced with another lot 
of grenade bodies. On two particular days, a machine was down for 152 minutes 
and 210 minutes for extensive adjustments and eventually involved changing 
grer.ade lots. 


Table II-15 provides a breakout of the failure data by failure 
code for each machine. Table II-16 summarizes the downtime by failure code. 
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3. GRENADE BODY LOADING SYSTEMS 
a. GENERAL 


Prove-Out test performance of LSAAP body loading machines 
is summarized in this section. Included are combined overall estimates of 
body loading machine RAM characteristics and production rate; daily and 
overall estimates of RAM characteristics and production rates for individual 
machines; a detailed analysis of downtimes; a body loading machine subsystem 
RAM analysis; and a discussion of equipment RAM deficiencies and recommended 
corrective action. These analyses were facilitated by the assignment of 
failure codes to frequent and typical modes of failure. A list of definitions 
for the failure codes associated with the body loading machines is also 
provided in this section. 


b. FAILURE CODES 


The definitions of failure codes established for the grenade 
body loading systems are listed in Table II-17. The codes categorize common 
causes of body loading system failure and are listed under the corresponding 
subsystem with which they are associated. 


c. REMOVAL OF QUTLIERS 
Computed estimates of MTTR based on the available RAM data 


base and resultant critical values for each failure code are provided in 
Table II-18, 
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CODE 


100 
101 
102 
103 


200 
201 
202 
203 


210 
211 


eile 
215 


3500 
501 
302 
303 
304 
305 
306 
307 


308 


400 
401 


402 
403 
404 
405 
406 


TABLE II-17 


DESCRIPTION 


Miscellaneous Problem 
Tray Position 

Tray Overrun 

Infeed Jam 


Miscellaneous Problem 
Feed Rate 

Cone Turned Over 

Cone Jam 


Hung Bucket 
No Powder 


Hung Pallet 
Miscellaneous Problem 


Miscellaneous Problem 
Reject Part . 
Out Jam 

Body Jam 

Nest Jam 

No Nest 

No Body 

Limit Switch 


Lead Cup 


Miscellaneous Problem 
Part in Punch 


Upper Cam Jam 
High Punch 

No Body 

No Nest 
Infeed Jam 


FAILURE CODES ~- BODY LOADING 
DEFINITION 
UNTRAYING MACHINE 


Untraying 

Tray improperly positioned to unload bodies 
Tray hits limit switch and machine shuts off 
Body jam during untraying 


CONE SYNTRON 


Cone conveyor 

Cone syntron feed rate requires adjustment 
Cone overturned in syntron 

Cone jams exiting syntron 


POWDER FEED SYSTEM 


Powder bucket hangs up while feeding pellet press 
Conveyor brings pallet without powder bucket to 
pellet press 

Conveyor system jams when called for powder 
Powder conveyor system 


ASSEMBLY MACHINE 


Assembly machine 

Body will not fit on nest 

Body and nest assembly jam on outfeed conveyor 
Bodies jam entering assembly machine 

Nests jam entering assembly machine 

Nest not available for assembly 

Body not available for assembly 

Switch requires adjustment or replacement to 
keep machine operational 

Lead cup falls out of body and causes equipment 
hangup 


PELLET PRESS 


Pellet press 

Body sticks in punch after consolidation of 
powder 

Upper punch fails to seat over body 

Punch fails to return to normal position 
Body missing from nest 

Nest missing from body 

Body assemblies jam entering press 


Zt 


CODE 


407 
408 


409 
410 


411 


500 
501 
502 
503 
504 
505 


506 
507 


600 
601 
602 
603 
604 
605 


606 
607 
608 
609 


700 
701 


702 
703 
704 


DESCRIPTION 


Out Jam 
High Charge 


Limit Switch 
Powder Syntron 


No Powder 


Miscellaneous Problem 
Low Part 

Nest Jam 

Body Jam 

In Jam 

Limit Switch 


No Nest 
Starwheel Jam 


Miscellaneous Problem 
Cone in Punch 

Upper Cam Jam 

Out Jam 

Part in Punch 

Cone Jam 


Body Jam 
High Punch 
In Jam 

Limit Switch 


Miscellaneous Problem 
Reject Jam 


Out Jam 
Infeed Jam 
Limit Switch 


TABLE II-17 CONTINUED 


DEFINITION 


Body assemblies jam leaving press 

Maximum consolidation pressure - requires 
adjustment 

Switch requires adjustment or replacement 

to keep press operational 

Powder hopper in press malfunctions, requires 
adjustment 

Body exits from press without powder 


DISASSEMBLY MACHINE 


Disassembly machine 

Insufficient amount of powder in body 

Nest jam occurs after disassembly 

Body jam occurs after disassembly 

Body assembly jams entering machine 

Switch requires adjustment or replacement to 
keep machine operational 

Body enters without nest - body removed 
Starwheels locks - requires adjustment 


CONE SWAGE 


Cone swage 

Cone sticks in punch during swaging 

Upper punch fails to seat over body 

Bodies jam on outfeed conveyor 

Swaged body sticks in punch 

Cone hangs up or overturns after entering 
swaging machine 

Body jam occurs in swaging machine 

Punch fails to retract 

Bodies jam prior to entering swaging machine 
Switch requires adjustment or replacement to 
keep machine operational 


GAGING MACHINE 


Gaging machine 

Reject parts due to cone depth, jam leaving 
gaging machine 

Acceptable parts jam on outfeed conveyor 
Parts jam entering gaging machine 

Switch requires adjustment or replacement to 
keep machine operational 
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DESCRIPTION 


Miscellaneous Problem 
Tray Overrun 

Infeed Jam 

Tray Position 


Miscellaneous Problem 
Infeed Jam 

Outfeed Jam 

Nest Shuttle 


TABLE I1I-17 CONTINUED 
DEFINITION 
TRAYING MACHINE 


Traying 

Tray hits limit switch and machine shuts off 
Bodies jam entering tray 

Tray improperly positioned to load bodies 


ULTRASONIC CLEANER 


Ultrasonic cleaner 

Nests jam entering ultrasonic cleaner 

Nest caught in chain or sticks in outfeed track 
Shuttle fails to feed nests to ultrasonic clear.er 
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"FAILURE CODE FREQUENCY MITR CRITICAL VALUE 


TABLE II-18 BODY LOADING SYSTEM OUTLIER CRITERIA 


3.1415 
3.0670 
1.9426 
4.2417 
1.5846 
5804 
. 8814 
4.1462 
4.3409 
52/8527 
7.5245 
9.3112 
«7526 
1.4487 
1.5643 
1. 1667 
. 8766 
1.5184 
1.9130 
16.2050 
1.8403 
6.1267 
2.1063 
2.0083 
3.8947 
7125 
3.1456 
4.4240 
4.4810 
1.4859 
ee WS 
~9250 
2.0056 
4.3484 
1.3345 
5. 4063 
7835 
3.6222 
4.2140 
7.4192 
10.8000 
9335 
1.7958 
«9799 


9.4245 
9.2010 
Se 77 
12.5 7250 
4.7539 
2.9020 
4.4069 
20.7310 
24.4: 2087 
19,2634 
22.5729 
27.9335 
5.2679 
4.3461 
7.8214 
DeO559 
2.6298 
7.5918 
a= 7590 
48.6150 
2, Z015 
30.6333 
6.3188 
6.0249 
1:9',, 47 3,7 
2g NS5TS 
15.7279 
15,2720 
13.4430 
4.4578 
17.1830 
Zu: FESO 
10.0278 
21.7419 
4.0034 
16.2188 
2.3505 
10.8667 
12.6420 
37.0959 
32.4000 
2.8005 
8.9792 
4.8995 


TABLE II-18 BODY LOADING SYSTEM OUTLIER CRITERIA - CONTINUED 


FREQUENCY 


FAILURE CODE 


606 
608 
609 
700 
701 
702 
703 
704 
800 
801 
802 
803 
900 
901 
902 
905 


0 
OOK OEY HY RENO WoOMUMMm 


oy 
& © 
ON “I 


MTTR 


1.1966 
1.1300 
2.5666 
1.4134 
9597 
14835 
LOS 
«9170 
2.8670 
-6170 
8400 
1.0000 


11.5241 


1.4150 
1.4761 
1.3279 


CRITICAL VALUE 


3.5898 
5.05900 
7.6998 
4.2402 
2.8670 
4.4505 
4.1211 
2.750 
8.6010 
1.8510 
2.5200 
5.0000 


534.5723 


7 0750 


10)... 55330 


6.6396 


Each repair time was compared to the critical value corres- 
ponding to the code of the failure being corrected. If the repair time was 
greater than the critical value, only then was it identified as an outlier 
and not considered in subsequent analyses. Out of the total of 1127 stoppages 
which were considered equipment failures, only 26 were found to Satisfy the 
outlying criteria and were deleted. These outliers are provided in Table II-19, 


Sk 


DATE 


12977 
112977 
120177 
120277 
120277 
120277 
120577 
121677 
L2297'7 
112977 
13077 
113077 
0177 
121477 
120577 
120577 
120677 
121477 


REPAIR 
TIME 


29,, O07, 
MS.a 255 
Seals 
60153 
175200 
1S 987 
51.000 
30.567 
Se 707 
9.655 
25.800 
6.500 
60.000 
6..595 
6)..250 
25.850 
17.555 
10.000 


TABLE II-19 OUTLYING DATA FOR BODY LOADING SYSTEMS 


FATLURE 
CODE 


505 
605 
507 
605 
600 
401 
215 
on 
602 
604 
409 
508 
203 
103 
502 
210 
401 
401 


602 
601 
210 
401 
401 
500 
504 
400 


¥21577 41.683 
121677 105.000 
121677 30.000 
E2677 iT, 2677 
LZ077 7 11.667 
20777 | 40.583 
120877 5.865 
bea277 120.000 
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In addition to the 26 outliers in Table II-19, 170 other stop- 
pages originally scored as failures were deleted. They included 166 code 301 
failures and one non-coded failure. A code 301 failure is classified as a 
reject part because there is a particular defect in a body which prevents 
it from seating properly on the nest in the assembly machine. This in turn 
causes the machine to stop as a result of improper mating of the parts. The 
code 301 failures were deleted because it was considered inappropriate to 
penalize the equipment for failing when the problem is probably due to non- 
conforming parts (grenade bodies). The tight tolerances required for proper 
mating between nest and body would seem to justify this conclusion. The non- 
coded failure was a 180 minute downtime due to a pellet press explosion on 
body loader #4 on the second day of data collection. Since it is known that 
such explosions occur infrequently, it would have been an inaccurate reflection 
of body loading system RAM performance to include this failure in the analysis. 
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d. RAM AND PRODUCTION PERFORMANCE 


A summary of the RAM data, resulting estimates of RAM 
characteristics and production data for the five body loaders observed 
during the LSAAP Prove-Out is provided as Table II-20. This table also in- 
cludes a presentation of the combined data and estimates for the five machines. 
Histograms of times-to-failure and times-to-repair based on the combined RAM 
data for all body loaders are provided in Figures II-B and II-C respectively. 


Table II-21 provides a summary of the daily RAM performance 
on each of the body loaders. The table includes estimates of MTBF, MTTR, 
and availability, as well as the number of failures observed during each day. 


The null hypothesis, that the body loading machines are 
equivalent in terms of anticipated availability, was rejected based on 
a statistical test using the limited daily availability data provided. 
Because of the large amount of scheduled uptime on each day in comparison to 
the observed MIBF and MTITR estimates, it was assumed that the distribution 
of daily availability estimates could be approximated very well by a normal 
distribution. This served as the basis for the statistical test employed. 


A standard statistical multiple comparison test was then applied 
to the average daily availabilities of the five body loaders to characterize 
the indicated difference. 


The results of this test indicated that statistical significance 
was due to the fact that machines #1, #2, and #3 exhibit equivalent RAM perfor- 
mance with availabilities around .80, while machines #4 and #5 exhibit avail- 
abilities on the average below .70. 


Graphical portrayal of the variability in daily availabilities 
for the five body loading systems is provided in Figure II-D. 
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Daily production from each body loader is summarized in 
Table II-22,. It can be seen from this table that the M483 grenade production 
requirement of 60280 grenades/shift was easily achieved. Furthermore, the 
production data indicates that anticipated M509 grenade production require- 
ments (68,640 additional grenades/shift) will be achieved with the use of 
an additional body loader. 


The data summarized in Table II-22 reflects that on 22 of 
the 25 machine-shifts during which data was gathered, the observed rate 
(total grenades processed + actual uptime) exceeded the design rate require- 
ment of 90 parts per minute. In 19 of these cases the observed rate exceeded 
95 parts per minute. These results amplify the importance of achieving 
satisfactory levels of machine availability, since when the machines are 
operating they are capable of performing well in excess of established pro- 
duction requirements. 


Finally, Table II-22 reflects the fact that the body loaders 
consistently operate at a reject rate substantially less than 2 per cent and, 
in most cases, less than 1 per cent. These results imply that the effects 
of reject rate on production capability may be considered negligible for the 
body loading systems. 


| The daily observed net rate of production for each body 
loader is provided in Table II-23. These results offer a concise measure 
of machine capability, taking into simultaneous consideration production 
rate, RAM characteristics, and reject rate. Under the assumption that net 
rates follow an approximately normal distribution, the limited results in 
Table II-23 were used to compare the body loading systems on the basis 

of net rate. Based on this statistical test, the null hypothesis that the 
Systems are equivalent was not rejected at the .05 level of significance. 


TABLE II-23 BODY LOADING SYSTEM NET RATES 


MACHINE DAILY NET RATE (PARTS/MIN 
NO. DAY #1 DAY #2 DAY #3 DAY #4 DAY #5 AVERAGE 
1 67.3 86.0 83.7 78.3 67.0 76.7 
2 74.4 71.8 86.3 67.4 66.0 73.3 
3 73.3 75.5 i FP | 81.6 70g? 75.6 
4 69.0 76.5 53.5 75.8 63.7 68.5 
5 67.8 63.1 61.3 60.9 70,2 65.0 
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e. DOWNTIME ANALYSIS 


The RAM data gathered onthe body loading systems during 
the Prove-Out test was analyzed by failure code on each machine separately 
and all machines combined. The primary purpose of this analysis was to 
highlight equipment RAM deficiencies so that improvements can be considereé¢ 
on present equipment and instituted for future procurements. 


Tables II-24A to II-24E provide a breakdown of the failure 
data for each machine. A summary of downtimes, by type, is provided in 
Table II-25, 


These results indicate four problem areas common to all 
or most of the body loaders. They are broken out separately in Table II-26. 


TABLE II-26 BODY LOADING RAM PROBLEM AREAS 


FAILURE MODE CODE FREQUENCY TOTAL DOWNTIME % DOWNTIME 


Hung Bucket 210 72 298.0 15.8 


Part in Punch 401 72 87.0 4.6 
Cone in Punch 601 19 Los. 7 6.6 


Outfeed Jam 902 140.5 


Above Combined 649.2 


All Combined 1885.4 


On the surface it appears that the Code 210 Hung Bucket and 
Code 902 Outfeed Jam problems should require only minor design modifications 
to solve, since they involve relatively simple material handling equipment. 
It is likely that the Code 401 Part in Punch and Code 601 Cone in Punch 
problems could be solved by increasing the clearance between the punch and 
part through a slight reduction in the diameter of the punch. If sufficient 
design changes are made to eliminate the problems summarized in Table II-26 
a resultant increase in average body loading system availability from 75.5% 
to as much as 82.4% could be anticipated, with consequent improvement in 
production capability. 
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TABLE II-24B DOWNTIME ANALYSIS OF BODY LOADING SYSTEM 


STAT ION/CONE FREQUFNCY TOTAL TIME AVERAGE TIME 

RONY LOADING STATION 2 197 392.417 1.992 
0 NON=CODED FAILURES ) 2-500 2.500 
101 TRAY POSITION ] 3.067 3.067 
200 CONE CONVFYOR=-MISC.PROBLE 2 10.983 5.492 
210 HUNG AUCKFT 6 18.433 3.072 
211 NO POWDER 16 65.783 4.111 
212 HUNG PALLFT ? 5.000 2.500 
215 POWDFR CONVEYOR=MISC.PROR 2 5.667 2.A33 
302 OUT JAM l 500 500 
303  RODY JAM l 2650 650 
304 NEST JAM 3 4.383 1.46) 
307 LIMIT SWITCH 0 4.767 e477 
30R LEAD cuP 2 e717 0358 
400 PELLFT PRESS-MISC. PROBLE 3 13.267 4.422 
401 PART IN PUNCH 5 14.150 0943 
402 UPPER CAM JAM 6 27-117 4.519 
404 NO BONY } 2483 0483 
405 NO NEST ] 0750 750 
406 INFEED JAM 2 6.200 3.100 
409 LIMIT SWITCH 3 5.733 1.911 
410 POWDFR SYNTRON a 31.367 4.48) 
411 NO POWDER 10 15.567 1.557 
S00 OISASSFMBLY-MISC, PROBLEM 2 13.300 6.650 
S02 NEST JAM 3 1.000 0333 
503 BODY JAM 1 S67 567 
S0S LIMIT SWITCH ) 0967 967 
S07 STAR WHEEL JAM R 24.917 3.115 
600 CONE SWAGF-MISC. PROBLEM 2 20217 1.108 
604 PART TN PUNCH 1 1.050 1.050 
605 CONE JAM 3 2.317 S772 
B02 INFEFN JAM ] 317 0317 
803 TRAY POSITION ] 1.000 1.000 
900 ULTRASONIC=-MISC. PROBLEM 2 18.983 18.983 
901 INFEFOD JAM 29 25.533 2880 
902 OUTFEEND JAM 5 3.950 790 
903 NEST SHUTTLE 44 59.217 1.346 


DESCRIPTION 


REPAIR TIME 


LFAD CUP STARWHEEL JAM 2.50 
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TABLE II-24E DOWNTIME ANALYSIS OF BODY LOADING SYSTEM 


STAT ION/CODE FREQUENCY TOTAL TYME AVERAGE TIME 

BONY LOADING STATION S 250 465 633 1.863 
0 NON=CODED FAILURES ] 10.500 10.500 
201 CONE SYNTPON FEED } 1.517 1.517 
203 CONE JAM ak 47.417 1.078 
210 HUNG RUCKFT 28 97.233 3.473 
211 NO POWDER ] 4.817 4.817 
215 POWDFR CONVEYOR-MISC.PROB 5 31.AA3 6.377 
300 ASSY MACHTNE-MISC.PROBLEM ] 1.833 1.833 
302 OUT JAM ? 3.AR3 1.942 
303 BOCY JAM 3 7-050 2.350 
304 NEST JAM 15 18.033 1.202 
400 PELLET PRFSS-MISC, PROBLE 4 6.833 1.708 
401 PART IN PUNCH ?1 22567 1.075 
402 UPPER CAM JAM 2 6-450 3225 
404 NO BODY 4 11.117 2.779 
405 NO NEST S 9.583 1.917 
406 INFEFD JAM 3 10.733 3.578 
407 OUT JAM 2 1-250 2625 
408 POWDFR CHARGE 16 42.917 2.682 
409 LIMIT SWITCH ) 1.283 1.283 
411 NO POWDER 3 3.750 1-250 
S02 NEST JAM _S 12.850 2.570 
S03 BODY JAM 11 15.483 1.408 
S04 INFEFD JAM ) 1.283 1.283 
601 CONE IN PUNCH 7 6.583 0940 
602 UPPER CAM JAM é 12.383 2.064 
603 OUTJAM ~ ) 2850 2850 
604 PART IN PUNCH 4 6.133 1.533 
60S CONE JAM 4 1.700 0425 
606 BODY JAM 3 3-383 1.128 
R00 TRAYING=-MISC. PROBLEM 1 20867 2.867 
802 INFEFD JAM 3 3.250 1.083 
900 ULTRASONIC=-MISC. PROBLEM ] 2.917 2.917 
901 INFEED JAM 3 3-367 1.122 
902 OUTFEED JAM 3A 51.933 1.367 

NON-CODED FAILURES 
DF SCRIPTION REPAIR TIME 
DTSCONNECT NO 1 VACUUM MOTOR 10.50 
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3n7 
INR 
4nn 
40) 
40? 
4N4 
405 
406 
407 
4nna 
4GN9 
419 
4] ] 
san 
so | 
Sap 
Sn4 
Sa4 
Sas 
S64 
S97 
464n0 
AN] 
AN? 
693 
6N4 
6NS 
ENG 
608 
699 
700 
Ti 
TH? 
703 
TN4 
BON 
Rn] 
B8Ne2 
83 
900 
9n1 
90? 
903 


TABLE 11-25 BODY LOADING DOWNTIME SUMMARY 


FATIWRE MODF 


NON=COfER FATIURES 
UNTRAYVING=MISC, PROARILEM 
TRAY POSTTTON 

INFFEN JA 

CONF CONVEYOR-=MISC.PROALE 
CONF SYNTPON FFEND 

CONF TLRNEDN OVER 

CONF SM 

HUNG RLCKET 

NO POWwreo 

KUNG PALLET 

PAWDER CONVEYOR=MTSC,PROR 
ASSY MACKINF=-“ISC.PRORLEM 
OWT JAM 

RAPY Jam 

NEST JAM 

NO NFST 

LIMIT SWITCH 

ELFARM CUP 

PFLLFT PRESS=”"ISC, PRARLF 
PART IN PUNCH 

UPPFR CAM JAM 

NA ROANY 

NA NEST 

INFFEN Jaw 

OUT JAM 

PNWNFR CHARGE 

LIMIT SWITCH 

POWNFR SYNTRON 

NO POWRFP 
NTSASSEMRLY=-MTSC. PROAIEM 
LOW PAST 

NEST Jam 

PONY jam 

TNFFFN Jats 

LIMTT SWTTCH 

NA NEST 

STAR WREFI. JAM 

CONE SWAGFeMyISC,. PROALFM 
CONE YA PUNCH 

UPPER CAM JAM 

OUTIAM 

PART IN PUNCH 

CONE JAM 

RONY JAM 

INFFFO JAM 

LIMIT SWTTCH 

GAGING MACHINF=MISC, PROR 
REJECT JAM 

OUTJAM 

INFEED JAM 

LIMIT SWITCH 
TRAYING=-MTSC. PRORLFEN 
TRAY OVERRUN 

INFFEQM JAM 

TRAY PCSTTION 
ULTRASCNTC=-MISC. PROALEM 
TNFEEN JAM 

OUTFEEC Jam 

NEST SFUTTLE 


TOTAL FAILURES= 934 
TOTAL NOWNTIME=. 3885.26 
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TIME 


13.009 
52633 
3.NA7 
P2267 

252450 

17.95) 

0 183 

AP .SAT 


298.090 


93.334 
55.500 
66.816 
15.2A3 
12.066 
26.RR3 
31.2133 
4. 3R3 
2.916 
10.250 
42.950 
BA.GAT 
57.083 
16.R50 
36.500 

1.250 


194.950 


11.549 
31.367 
19.317 
17.2183 
1.200 
46.600 
2Pn eae 
10.050 
14.233 
550 
24.917 
7.534 


123.733 


16.750 
eRS0 
21.749 
56.516 
4.250 
3.683 
10.400 
7eNH7 
"2@.RK7 
22200 
9.616 
0917 

2 0 BAT 
0617 
4.200 
1.000 
26.767 
39.417 


140,483 


60.0R4 


f. SUBSYSTEM RAM ANALYSIS 


The Grenade Body Loading System is comprised of ten separate 
machines or subsystems. They are: 


(1) Untraying 

(2) Cone Feed 

(3) Powder Feed 

(4) Body/Nest Assembly 
(5S) Pellet Press 

(6) Disassembly 

(7) Cone Swaging 

(8) Gaging 

(9) Traying 
(10) Ultrasonic Cleaning 


Table II-27 contains RAM data and estimates by subsystem 
for each body loading system individually. The subsystem availabilities in 
this table and in Table II-28 were calculated according to the following: 


SUBSYSTEM UPTIME = TSU - I(OTHER SUBSYSTEM DOWNTIMES) 
where TSU = Total Scheduled Uptime for System 


SUBSYSTEM AVAILABILITY = SUBSYSTEM UPTIME - SUBSYSTEM DOWNTIME 
SUBSYSTEM UPTIME 


A graphical depiction of daily variability in subsystem 
availabilities is provided in Figures II-E § II-F for selected subsystems. 
Although the details are not provided herein, the daily subsystem availa- 
bilities were subjected to statistical tests of hypotheses to compare sub- 
systems between body loading systems. No statistically significant differences 
were found. There is, therefore, no evidence to indicate that the overall 
RAM performance of a subsystem in one body loader differs from that of 
the similar subsystem in the other. As a result, the subsystem RAM data 
for body loading systems can be combined. The combined RAM data and esti- 
mates are provided in Table II-19. These results show that a total of 
77.3% of the downtime observed on the body loading systems during Prove-Out 
is attributable to four subsystems: Powder Feed, Pellet Press, Cone Swage, 
and Ultrasonic Cleaner. The major problems associated with these subsystems 
have been respectively addressed in the preceding downtime analysis. An 
additional problem with the Pellet Press involves the upper punch failing 
tO seat over bodies (failure code 402). Cones hanging up or overturning 
after entering the swaging machine (failure code 605) is an additional problem 
with the Cone Swage subsystem. Significant improvement in body loading 
availability could be realized if these problems were reduced or eliminated. 
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TABLE II-27 BODY LOADING SUBSYSTEM RAM RESULTS 


STATION /SUBSYSTEN FREQ NOWNT IME TOTAL TIME ¢ DOWNTIME MTTR MTAF AVAT! 
ADY LOADING STATION 1 174 3456 1691.2 1nn.n 1.99 7e7]A «7954 
UNTRAYING ] 5.6 1351.2 1.4 5063 1345.60 2995R 
CONE FEED 10 15.9 1361.5 46 1-59 134.56 e9RRY 
POWDER FEED 18 7226 1418.2 21.29 4.03 74.76 e94RR 
ASSEMBLY 23 3564 1381.0 19.2 1-54 SR.SNn 09744 
DISASSFMALY 18 41.6 1387.2 12.9 Pel 74.76 29700 
CONE SWAGE 71 97.8 1443.4 PR} 1238 ¥R.9S 09323 
GAUGING 3 4.1 1349.7 1.2 1.37 442.53 09969 
TRAYING l 6 1346.2 o2 °63 1345249 ©9995 
ULTRASONIC S 7.7 1353.3 20? 1.54 769.17 09944 
NADY LOADING STATION 2 197 3924 1751.3 190.9 1.99 6.90 7759 
. NON-CODFD FAILURES ] 225 1361.4 0A 7250 1358.87 29982 
UNTRAY ING ] 3.1 1361.9 ok 3-07 1357.87 09977 
CONE FFED 2 11.0 1369.9 2 eR 5249 679.43 09927 
PDWCES FEED 26 94.9 1453.8 2407 3265 52076 09347 
ASSEMALY 17 11.0 1369.9 2eR 065 79.93 09920 
PELLET PRESS 4R 114.6 1473.5 292.2 P39 PR.) 922? 
DISESSEMALY 15 40.7 1399.6 194 Pele 90.59 ©9709 
CONE SWAGF 6 5.6 1364.5 164 093 PP664R ©9959 
TRAYING 2 1.3 1360.2 e3 «66 679.43 «9990 
ULTRASONIC 79 107.7 146606 274 136 17620 .9264 
NADY LOADING STATION 3 172 324.0 1680.4 100.0 1.88 7TeR9 oP O72 
UNTRAYING 2 2.3 1358.6 o7 1.213 67AR.1R 22987 
CONE FFEN R 15.8 1372.61 4.9 1-97 169.54 2 ARRAS 
POWDFP FEED 23 66.3 1422.7 20-5 2? 288 58.97 29544 
ASS=MALY 10 13.4 1369.7 4.1 1.34 135.64 «°903 
PELLET PRESS 30 94.8 1451.2 2923 34216 4502] 09347 
DISASSFEMALY 8 18.2 1374.6 5.6 2228 169.54 ©9867 
CONF SWAGE e7 50.1 1406.5 15-5 1286 59.24 09644 
GAUGING 13 16.2 1372.6 5.0 1.25 194.33 e9RR?P 
ULTRASDNIC oe | 47.0 1403.3 14.5 92 26.60 e9645 
INDY LEADING STATION 4 141 357.6 1113.8 100.0 2254 5236 ©5789 
CONE FEED 24 14.8 770.9 4.1 62 31.51 «980A 
PD¥DEP FEED 22 145.9 902.1 40eR 6263 34.37 ©2382 | 
ASSEMALY 17 30.4 786.6 8.5 1.79 44.4R 09614 
PELLET PRESS 24 43.6 799,.AR 12.2 1.82 31.5] 09455 
DISASSEMBLY 7 12.9 769.0 346 1-84 198.02 ©9833 
COME SWAGE 10 61.0 817.1 17.0 6210 75.62 09254 
GAUGING 1 203 758.5 eo? 7.33 756.17 «9969 
TRAYING l 06 756.AR e2 062 756.217 «999? 
UL*RASDNIC 35 462 802.3 12.9 1-32 21440 09425 
NDY LOADING STATION S 250 465.6 1443.2 100.9 1.86 3.9] 06774 
NON-CODED FAILURES ] 10.5 9R8.1 2e3 19.50 977.55 29894 
CONE FFED 45 48.9 1026.5 10.5 1-09 21.272 09523 
POWDER FEED 34 133.9 1111.5 PRA 4.94 PR TS eBhT9S 
ASSEMALY 21 30.8 1008.4 626 1.47 46.55 ©9695 
PELLET PRESS 61 116.5 1094.0 25.0 1.91 16.03 28935 
DISASSEMBLY 17 29 26 ‘1007-2 64 1274 57.50 09706 
CONE SWAGE 25 31.0 1008.6 667 124 39.210 ©9692 
TRAYING & 6.1 983.7 1.3 1.53 244.39 0 993A 
ULTRASONIC 42 58.2 1035.8 12-5 1.39 2302R «943A 
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4. FUZE ASSEMBLY SYSTEMS 
a. GENERAL 


Fuze assembly equipment performance during the Prove-Out 
test is summarized in this section. Included are combined overall estimates 
of fuze assembly machine RAM characteristics and production rates for 
individual machines; a detailed analysis of downtimes; a fuze assembly 
machine subsystem RAM analysis; and a discussion of equipment RAM deficiencies 
and recommended corrective action. These analyses were facilitated by the 
assignment of failure codes to frequent and typical modes of failure. A 
list of definitions for the failure codes associated with the fuze assembly 
machines is also provided in this section. 


b. FAILURE CODES 


The definitions of failure codes established for the fuze 
assenbly systems are listed in Table II-29. The codes categorize common 
causes of body loading system failure. The failure code 0, not defined 
in Table II-29, but which will be encountered in subsequent sections, refers 
to a.l non-coded failures, the frequencies of occurrence of which were not 
anticipated to be high when the codes were defined, 
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. ,. TABLE II-29 FAILURE CODES - FUZE ASSEMBLY 


FAILURE FAILURE 

CODE MODE DEFINITION 

01 No Body Body placing station fails to place body 
on pallet. 

02 No Fuze Fuze placing station fails to place fuze 
on body. 

03 Tape Fixture Placing Tape fixture missing from pallet. 

04 Eject Fail Grenade eject station fails to place grenade 
on outfeed conveyor. 

0S Body Present Check to insure grenade still on pallet 
after winding of ribbon. 

06 Tape Conveyor Low Insufficient quantity of tape fixtures - 
conveyor shut off. 

07 Body Conveyor Low Insufficient quantity of bodies on infeed 
conveyor. 

08 Tape Conveyor Off Drive motor off, 

09 Fuze Conveyor Off Drive motor off. 

10 Tape Fixture Removal Fail 2nd check for removal of tape fixture. 

11 Winder Slide Tape winder slide fails to return to normal 
position - requires adjustment. 

12 Fuze Jam Fuze jams in feed track or placement jaws 
fail to pick up fuze. 

13 Air Jog Manual operation to index machine. 

‘14 Fallen Grenade Overturned grenade on outfeed conveyor. 

AS No Fuze After Stake Fuze missing after staking operation. 

16 Fuze Stake Malfunction Station fails to stake fuze to grenade, 

17 Grenade In Chain Grenade falls off pallet before eject station. 

18 Tape Fixture Retract Tape fixture not removed from pallet after 
ribbon staking. 

19 Body Conveyor Off Drive motor off. 

20 Tape Rivet Down Tape staking head fails to return to normal 
position, 

21 Tape Stripper Down Tape stripper fails to return to normal 
position, 

22 Fuze Stripper Down _ Fuze stripper fails to return to normal 
‘position. 

23 Electrical Interlock No fuze on body or eject station fails to 
remove grenade, 

24 Body Orientation Studs not properly aligned to accept fuze 
or body not seated on pallet. 

25 Fuze Lifting Device Lifting device fails to place fuzes into 
feed station. 

26 Fuze Conveyor Low Insufficient quantity of fuzes in feed 
system, 

on Grenade Jam Grenade jam on outfeed conveyor. 

28 Tray-Untray Malfunction Jam at traying station. 

29 Body Pallet Problem Nest damaged and grenade will not seat 


properly. 
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c. REMOVAL OF OUTLIERS 


Computed estimates of MTTR and frequency of failure based 
on the available RAM data base for fuze assembly euqipment and resultant 
critical values for each failure code are provided in Table II-30. The 
critical values provided are the basis upon which outlying repair data is 
identified. 


TABLE II-30) FUZE ASSEMBLY SYSTEM OUTLIER CRITERIA 


FAILURE CODE FREQUENCY MTTR CRITICAL VALUE 
1 570 6093 4.2649 
Z 1524 8214 5.7501 
3 150 1 2059 5.5294 
4 36 1.5176 739879 
5 134 1.0096 7.0674 
6 102 4993 2.4967 
Fi 92 8092 4.0463 
8 2) Le 2500 3.7780 
S 18 4.8852 24.4261 

10 2nd 1.0957 5.4785 
11 303 2.1117 14.7820 
12 1291 1.4055 9.8385 
13 15 1. 72595 5.1700 
14 268 -6086 4.2605 
15 44 1.9655 9.8277 
16 57 7.0465 Side 2020 
17 108 - 9004 4.5022 
18 796 9499 6.6496 
19 9 Le S259 4.5777 
20 24 8.2569 41.2846 
21 21 4.8150 24.0752 
Za 4 3.3000 9.9000 
2a 28 1.2470 6.2352 
24 1145 ~4402 3.0814 
25 139 2.0781 10.3903 
26 7 9786 leg PSo7 
Og Ze » 5SLZS 2.76 
28 42 2.7591 13.7956 
29 55 3.6500 18.2499 
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Each repair time was compared to the critical value corresponding 
to the code of the failure being corrected. If the repair time was greater than 
the critical value, only then was it identified as an outlier and not considered 
in subsequent analyses. Out of the total of 4131 stoppages which were considered 
equipment failures, only 76 repair times were found to satisfy the outlying 
criteria and were deleted. These outliers are provided in Table II-31. 


TABLE II-31 OUTLYING DATA FOR FUZE ASSEMBLY SYSTEM 


DATE TIME REPAIR MACH FAILURE 
OF TIME NO. CODE 
DAY 
121377 0740 7.400 SE 24 
121377 1110 35.000 SE 24 
121377 1416 10.000 SE 2 
121577 0755 45.000 SE 18 
121877 1150 25.000 SE 18 
120577 0835 10.000 7E 12 
120677 0749 16.400 7E bs) 
126777 0730 10.000 7E bs) 
120777 0753 27.000 7E 2 
120777 0843 4.683 12 1 
120777 1318 9.000 7E 4 
120777 1424 16.000 ZE 11 
120877 1440 4.833 7E 1 
120977 0757 88.000 7E 12 
120977 0955 25.000 7E 12 
120977 1114 39.000 TE 18 
120977 1252 65.000 7E 11 
121277 1152 3.000 OW 6 
121277 1250 27 -DG7 SW 18 
121277 1346 4.600 SW 19 
121277 1357 45.467 SW 9 
121377 0814 21.200 SW 15 
E2Z13/7 0839 8.767 OW 2 
1213577 0907 12.400 SW 2 
121377 0922 10.000 SW 2 
121377 0952 8.883 SW Z 
121377 1005 8.100 OW “2 
L24377 1043 130447 SW Z 
21377 1121 11.400 OW 2 
121377 1415 8.433 SW 2 
121377 1429 6.250 SW a 
121377 1438 TS .933 OW 12 
U21577 0850 2.767 SW 6 
121577 1017 $8347 SW 25 
121577 1253 27.400 OW 28 
012578 1017 6.617 SW 2 
012578 1038 18.867 SW 1 
012578 1107 17.533 SW 1 
120677 1027 6.467 7W 10 
120677 1313 9.617 7W 1 
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TABLE II-31 OUTLYING DATA FOR FUZE ASSEMBLY SYSTEM - CONTINUED 


DATE TIME REPAIR 
OF TIME 
DAY 
120677 1325 27.000 
120677 1352 4.350 
120677 1357 4.633 
120677 1408 Se. O17 
120677 1424 4.817 
120877 0730 38.000 
121377 1100 11.767 
120577 1038 60.283 
120777 0816 10.200 
120777 0957 10.100 
120977 0738 46.367 
120977 1124 103.000 
12277 1054 15.. 283 
121297 1132 80.000 
120577 0816 16.383 
120577 1303 9.467 
120577 1447 4.400 
120877 1116 252017 
113077 1247 6.050 
121677 0757 26.883 
120177 0918 12.000 
120277 1139 1S. 200 
120277 1233 20, oA 7 
120677 0856 9. 250 
120677 1311 3.800 
215 77 0806 Si.217 
121577 1021 3.900 
120177 0958 16.283 
120177 1049 126.000 
120177 1413 23.467 
120177 1438 37.000 
120277 OF 27 22.817 


a7 


FATLURE 
CODE 
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In addition to the outliers listed in Table II-32, 4 other 
stoppages originally scored as failures were deleted. Each of them was a 
non-coded (code 0) failure. These stoppages involved failures of machine 
components known to have relatively high reliability in terms of mean-time- 
between-failure. Inclusion of this data in subsequent analyses would have 
resulted in unrealistically low estimates of total RAM performance for the 
fuze assembly machines. The data relating to these downtimes is provided 
in Table II-32. 


TABLE If-32 ADDITIONAL DATA DELETIONS 


TIME OF REPAIR MACHINE FAILURE 
DAY TIME NO. MODE 


MOTOR OVERLOAD 
MOTOR OVERLOAD 
CLUTCH FAILURE 


CLUTCH FAILURE 
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d. RAM AND PRODUCTION PERFORMANCE 


A summary of the RAM data, resulting estimates of RAM charac- 
teristics, and production data for the ten fuze assembly systems observed 
during the LSAAP Prove-Out is provided in Table II-33. This table also includes 
a presentation of the combined data and estimates for the ten machines. 
Histograms of times-to-failure and times-to-repair based on the combined RAM 
data for all fuze assembly machines are provided in Figures II-G and II-H, 
respectively. Table II-34 provides a summary of the daily RAM performance 
for each of the fuze assembly machines. The table includes estimates of 
MIBF, MITR, and availability, as well as, the number of failures observed 
during each day. 


The null hypothesis, that all ten fuze assembly machines 
are equivalent in terms of anticipated availability, was not rejected using 
a on2-way analysis of variance at the .05 level of Significance. As with 
the dody loaders, daily availability estimates were assumed to follow a 
normal distribution. Graphical evidence of this conclusion is provided in 
Figure II-I. 


Daily production from each fuze assembly system is summarized 
in Table II-35. It should be noted that the RAM and production data for 
the fuze assembly system was gathered over a four week period, observing 
two machines per week. As a result comparison of the observed production 
capability to required output per shift involves consideration of the average 
daily output of each machine as representative of its production capability. 
These averages are provided in Table II-35A. 


TABLE II-35A AVERAGE DAILY OUTPUT OF FUZE ASSEMBLY MACHINES 


MACHINE 
NO. SE SW aE 7W 8E SW SE OW 1QE 10W 
AVERAGE 


PRODUCTION 9240 6942 5658 8219 5644 8920 7868 7707 7932 8349 


If the averages in this table are summed, a total expected 
production capability, for the eight fuze assembly machines, of 76579 gre- 
nades/shift results. The requirement of 60280 grenades/shift is easily 
exceeded. 


In addition, Table II-35 provides the daily observed rates 
for each of the fuze assembly machines. On only 8 of the 50 machine-days 
observed was the design rate of 30 parts per minute met or exceeded. Only 
machines #5E and 5W consistently functioned at the design rate. The averaged 
observed rate, measured by the ratio of total grenades processed to total 
actual uptime for all ten machines, was found to be 27.3 grenades/minute. 


Table II-36 summarizes the daily reject rate for the fuze 
assembly machines. When the volume of grenades produced by ten fuze assembly 
machines is considered, the reject rate appears excessive. On only 3 of 50 
machine days was the reject rate below 2%, while 15 out of 50 machine days, 
the reject rate exceeded 5% with machine 8E exhibiting reject rates of 8% 
and 15%. The averaged reject rate for all 50 machine days was 3.78%. 
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TABLE II-36 DAILY FUZE ASSEMBLY PERCENT REJECTS 


MACHINE DAY #1 DAY #2 DAY #3 DAY #4 DAY #5 
% REJECT % REJECT % REJECT % REJECT % REJECT 


The daily observed net rate of production for each fuze assembly 
machine is provided in Table II-37. These results offer a concise measure 
of machine capability, taking into simultaneous consideration production 
rate, RAM characteristics, and reject rate. Under the assumption that net 
rates follow an approximately normal distribution, the results in Table II-37 
were used to compare the fuze assembly systems on the basis of net rate. 
Based on a one-way analysis of variance, the null hypothesis that the ten 
Systems are equivalent was rejected at the .05 level of significance. Further 
examination of this difference using a multiple comparison test on the machine 
average net rates verified that 8 of the 10 machines were equivalent in terms 
of net rate, while the major contribution to statistical significance was 
the erratic performance of machines 7E and 8E which exhibited net rates of 
11.2 and 7.6 parts/min on two particular days. 


TABLE II-37 FUZE ASSEMBLY MACHINE NET RATE 


DAILY NET RATE (PARTS/MIN 
DAY #1 DAY #2 DAY #3 DAY #4 DAY #5 AVERAGE 
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e. DOWNTIME ANALYSIS 


The fuze assembly Prove-Out data was analyzed by failure 
codes for each machine and summarized for all machines to pinpoint equip- 
ment deficiencies so that improvements can be considered on present equip- 
ment and instituted for future procurements. Tables II-38A to II-38J 
contain a breakdown of the data by failure code for the Johnathan machines. 
Table II~39 summarizes the downtime by failure code for the Connally 
machine. The combined summary of data by failure code for the Johnathan 


machines appears in Table II-40. 
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TABLE [1-40 FUZE ASSEMBLY DOWNTIME SUMMARY 


FAILURE MODE 


NON-CODED FAILURES 

NO BODY 

NO FUZE 

TAPE FIXTURE PLACING 
EJECT FAIL 

BODY PRESENT 

TAPE CONVEYOR LOW 

BODY CONVEYOR LOW 

TAPE CONVEYOR OFF 

FUZE CONVEYOR OFF ~ 
TAPE FIXTURE REMOVAL FAIL 
WINDER SLIDE OUT 

FUZE JAM 

AIR JOG 

FALLEN GRENADE 

NO FUZE AFTER STAKE 
FUZE STAKE MALFUNCTION 
GRENADE IN CHAIN 

TAPE FIXTURE RETRACT 
BODY CONVEYOR OFF 

TAPE RIVET DOWN 

TAPE STRIPPER DOWN 
FUZE STRIPPER DOWN 
ELECTRICAL INTERLOCK 
BODY ORIENTATION 

FUZE LIFTING DEVICE 
FUZE CONVEYOR LOW 
GRENADE JAM 
TRAY-UNTRAY MALFUNCTION 
BODY PALLET PROBLEM 


TOTAL FAILURES 
TOTAL DOWNTIME 


4055 
3732.80 
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FREQUENCY 


TIME 


205.782 
280; 566 
911.866 
736 S06 
Lis 26 
118.749 
40.333 
66.184 
7.134 
41.000 
LS. 734 
Liss 367 
Siow 200 
205-135 
133.684 
56.834 
193.584 
61,. 948 
388.184 
a 
86.283 
12.553 
13. 200 
30.134 
70.334 
126, 367 
4.050 
«136 
17,483 
23.866 


There are six major problem areas highlighted as a result 
of this analysis which account for 72.7% of the total downtime. They are 
presented in Table II-41. 


TABLE II-41 FUZE ASSEMBLY RAM PROBLEM AREAS 


TIME 6 DOWNTIME 


550.7 9.40 
91 £9 24.40 
682.6 18.30 
RIBBON WINDER 188.4 >. 00 
FUZE STAKE 193.6 Deel 
TAPE FIXTURE 388.2 10.40 


SUBTOTAL 27 et 72.70 
OTHER CAUSES 1016.8 27.30 
TOTAL Dt Soiwe 100.0 


In addition to representing 72.7% of the downtime, these 
areas also represent approximately 77% of the total failures. The biggest 
Single problem with the fuze assembly machines (42.7%) is feeding the fuze 
to the placing station which, in turn, rotates the fuze 90° and places it 
on the grenade body. Improvement in this area would result in a significant 
increase in the availability of the fuze assembly machines. This increase 
in availability would result in a more efficient operation through reduced 
maintenance times. 


Data was also collected on machine #3E which is a Connally 
fuze assembly machine. The difference between a Johnathan and a Connally 
machine is the fuze feed system. In the Johnathan system the fuzes are 
automatically inspected and fed to the fuze placing station while the Connally 
utilizes manual inspection and feed. The purpose of collecting data on 
this machine was to determine if the performance of one type of machine 
differed significantly from the other type. During two shifts of machine 
operation, and excluding outliers, this fuze assembly machine exhibited 151 
unscheduled stoppages for a total of 152 minutes of downtime. 89 of these 
stoppages totaling 75 minutes, or approximately 50% of the downtime, are 
attributed to failure Code 02, no fuze. Since the fuze placing heads are 
identical on both systems, and the fuze feed tracks are virtually identical 
from the gaging station on, it would appear that there is little advantage 
in eliminating the automatic gaging and feeding of the fuze to the placing 
Station. Also most of the fuze feed jam problems occurred with the fuze 
jamming in the feed tracks rather than at the fuze gaging station. Investi- 
gation of a possible redesign of the fuze feed and placement system should 
be performed prior to additional procurement of this type of equipment. 
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f, SUBSYSTEM RAM ANALYSIS 


The Fuze Assembly System is comprised of three separate 
machines or subsystems. They are: 


(1) Fuze Inspection and Feed 
(2) Tray-Untray 
(3) Fuze/Grenade/Tape Assembly 


Table II-42 contains RAM data and estimates by subsystem 
for each fuze assembly machine individually. The subsystem availabilities 
in this table and in Table II-43 were calculated in the same way as those 
for the body loaders in section II.2.f. A graphical depiction of daily 
variability in subsystem availabilities is provided in Figures II-J and II-K 
for the Fuze-Feed and Fuze-Tape subsystems. Although the details are not 
provided herein, the daily subsystem availabilities were subjected to one- 
way analyses of variance to compare subsystems between fuze assembly machines. 


Slight significant differences were found for the fuze-feed 
and fuze-tape subsystems. The slight difference for the fuze-tape subsystem 
was primar.ly due to one machine, 10E, having five good days and an average 
availability of 0.93 while four machines, SW, 7E, 8E, and 9E each exhibited 
one day with an availability between 0.5 and 0.6. The slight significant 
difference between the fuze feed subsystems of the ten machines was due to 
eight of the ten machines exhibiting an average availability of 0.94 or 
higher whi_e machines 8E and 9W exhibited availabilities of 0.905 and 0.92. 
As a result of these findings, it is reasonable to combine, as a measure of 
average performance, the subsystem RAM data for all ten fuze assembly machines. 
The combined data and estimates are provided in Table II-43. 


TABLE II-43 FUZE ASSEMBLY SUBSYSTEM COMBINED RAM RESULTS 


SUBSYSTEM rREQ DOWNT IME & DOWNTIME MTTR MTBF AVAIL 


Zoao 0.953 
4.36 3510.5 05399 


5561 5028...2 0.85 S39 O.622 
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S. FINAL ASSEMBLY/PACK-OUT SYSTEM 


This section summarizes the projectile loading, assembly, 
and pack-out equipment performance during the demonstration test. Phas 
system at LSAAP is comprised of two identical lines, referred to as the 
East Line and West Line, both of which are located in the same building 
and comprised of the same quantity and type of serially arranged equip- 
ment. The data for this system was collected over a total period of ten 
days, with data collected on each line for five days. The presence of 
some degree of buffering between stations precluded the use of the product 
of the individual machine availability estimates, based on the observed 
RAM data, as accurate estimates of overall line availability for each line. 
These values do, however, provide estimates of lower bounds on the line 
availabilities. The RAM performance of the individual machines making up 
the East Line and West Line is summarized in Tables [I-44 and II-45, res- 
pectively. The bottom line of each table provides the overall line results. 
The lower bound on line availability is computed using: 


n 
Aline arn = Ay x Ap xX... X Ay 
1= 


where the A;'s are the individual machine availability estimates. 


One recurring problem observed during the demonstration 
test involved the transfer systems. There were a total of 36 stoppages 
recorded for both lines with an accumulated downtime of 121 minutes. 

These stoppages were due to an insufficient quantity of transfer pallets 
on the lines. Addition of more pallets to the conveyor, drill and pin, 
and pack-out transfer systems would eliminate this problem. The system 
availability would increase approximately 2%-4% while the overall net rate 
would increase from 2.67 projectiles/minute to 2.75 projectiles/minute. 


A summary of the daily production output of each line is 
contained in Table II-46. This table also provides the scheduled uptime 
for each day and resultant estimates of daily net rates of production. 

Data for all ten days is provided for both lines even though RAM data was 
gathered on only five days for each line. Since a precise value of sched- 
uled uptime on a particular day was provided only for the line for which 
RAM data was being collected, it was assumed that the scheduled uptime for 
the other line was the same. Table II-46 also provides overall estimates 
of net rate for each line and a resultant estimate of system net rate based 
on the combined output of both lines. 


Since the system must eventually be capable of producing 
both M483 and M509 projectiles during mobilization, it is assumed that 
either line must be capable of producing the equivalent of 685 M483 pro- 
jectiles/shift to meet mobilization requirements. However, it should be 
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noted that during the time RAM data was being collected, the monthly pro- 
duction schedule required approximately 520 projectiles/shift/line on a 
1/8/S basis from this system. In order to prevent interruptions to normal 
production and maintain a reasonable per unit cost, production was main- 
tained at a level in accordance with this schedule. As a result, the 
requirement of 685 projectiles/shift/line was not demonstrated. The in- 
herent capability of the lines to meet the requirement was demonstrated, 
however, by production rates of 730, 770, and 752 projectiles achieved on 
March 1, 2, and 3, 1978, respectively, for an average of 750 projectiles 
per shift. This was achieved on the West Line, the only line operating 
at the time. 
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III. SYSTEM DESCRIPTION 
A. DESCRIPTION OF DEMONSTRATION TEST 
1. DEBUG ACCEPTANCE 
After each machine has been installed and debugged, it will be 
qualified prior to the demonstration test. For a machine or station to 


qualify it must produce a consecutive number of acceptable parts. The 
required quantity for each machine is listed below: 


MACH INE ACCEPTABLE PARTS 
Hardness Tester 320 Adapters or Grenades 
Lead Cup 320 Grenades 

Body Loader 320 Grenades 

Fuze Assembly 260 Grenades 

Final Assembly 140 Projectiles 

Pack-Out 140 Projectiles 


2. DEFINITION OF TEST 


The test will consist of collecting RAM data for each machine/ 
station which successfully passed the qualification test. The duration of 
the test will be five days, approximately 400 minutes operation per day for 
all qualified equipment. Due to limited number of qualified personnel to 
collect the RAM data it is expected that the test will run for approximately 
six weeks. The data will be collected in accordance with Form SARPA-QA 2807 
and forwarded to ARRADCOM (DRDAR-QAS) on a monthly basis for review and 
evaluation. Samples of a completed RAM data form and keypunched computer 
data card are provided in Figure III-A. 


3. EQUIPMENT EVALUATION 


The following type and amount of equipment has been qualified 
and will undergo the demonstration test: 


QTY TYPE 


Adapter Hardness Tester 

Grenade Body Hardness Testers 
Lead Cup Insertion Machines 
Grenade Body Loaders 

Fuze Assembly Machines 

Final Assy/Pack-Out Equipment/Line* 
Projectile Placing Station 
Forward Plate Insertion Station 
Grenade Insertion Stations 
Adapter Insertion Station 

Shim §& Gage Station 
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TLPE 


Base Plug Torque Machine 
Projectile Transfer Station 
Zone Weigh Station 

Stencil Station 

Lifting Plug Torque Station 
Leak Test Station 


E 
tt pt vad 
=e 


*There are two parallel final assy §& pack-out lines; each line 
contains the exact same type and quantity of equipment. 


B. NARRATIVE OF SYSTEM OPERATION 


ig Adapter Hardness Tester 


Adapters received from stores are automatically fed to the hard- 
ness tester by a parts elevator (supply hopper) and vibratory feeder. The 
supply hopper is manually replenished from the original carton. The adapters 
are spaced apart and passed through the eddy current coil to be tested. 
Acceptable parts continue on to the next operation while rejected parts are 
diverted from the conveyor for disposal. Acceptable parts are bulk loaded 
into boxes and transported in buggies to the Final Assembly and Pack-Out System. 


2e Grenade Body Hardness Testers 


Parts Distribution System: Properly oriented parts are conveyed 
in bulk through a distribution mechanism whereby the parts are separated 
and fed into seven (7) individual dividers. Each row of parts is then 
diverted onto its respective hardness test feed conveyor at various points 
along the system. 


Automatic Hardness Test: The bodies are conveyed through a de- 
gausSing coil to eliminate any residual magnetism, then through an eddy current 
coil to be tested. The accepted parts continue on to the next operation while 
rejects are diverted from conveyor for disposal. 


Lead Cup Machine: Receive lead cup assemblies and manually dump 
into a vibratory bowl feeder, which feeds the lead cup to the lead cup machine. 
The lead cup machine automatically receives the grenade bodies via conveyor 
system and receives lead cups via conveyor system to be automatically inserted 
and pressed into the hole in top of the body and is conveyed to the next operation. 


Automatic Tray Loading Machines: Accepted parts are loaded into 
trays (64 per tray) by Automated Tray Loading Machine. 


Trayed bodies are manually loaded into buggies (48 trays per buggy), 
to be used in production system. 


92 


Loaded buggies are transported to the Body Loading System for 
use on demand. 


Bis Body Loading Systems 


Trayed M42 or M46 grenade bodies are manually placed into the 
tray unloading machine. The tray unloading machine automatically removes 
the grenade bodies from the tray and feeds the bodies to the assembly machine, 
which automatically receives the grenade bodies and nest via conveyor system 
anc automatically assembles the nest to the grenade body. 


The Composition A-5 powder is received; twenty-five (25) Ibs. 
of it is then placed in individual stainless steel containers, which are then 
loaded on the automatic powder feed system to be transferred and distributed 
to the proper loading system. This is an automatic car dispatching system 
that distributes powder on demand to each pelleting press every four and 
one-half (443) minutes and/or as required. 


The Rotary Consolidating Press receives the grenade body and nest 
via conveyor system and receives Composition A-5 on demand via Automatic Powder 
Distribution System. The Rotary Consolidating Press automatically loads powder 
into the grenade bodies in two stages, the pre-compression and the final com- 
pression. (Consolidation pressure is approximately 13 tons, dead lead, Press 
is instrumented to control the amount of powder that is consolidated into the 
body.) 


The Disassembly Machine receives the grenade body and nest via 
conveyor system and automatically disassembles the grenade body from the nest. 
The nest is then recirculated for re-use and loaded body continues on to the 
next operation and nest is conveyed to the Ultrasonic nest cleaner to be 
cleaned automatically of excess powder, and then returned to the assembly 
machine via conveyor system (nests are cleaned in a Freon TA solvent). 


Receive cones and load manually into the hopper type buggies 
(25,000 cones per buggy). The buggies are transported via the driverless 
tractor system to the body loading system for use as required. The buggy 
is plugged into a cone conveyor which feeds the cone hopper and vibratory 
feeder. 


The Rotary Swaging Machine receives the grenade body and cones 
via conveyor and vibratory feeder system. The Rotary Swaging Machine auto- 
matically swages the cone into the body. The cone is inserted and force 
is applied to the cone, to insure the cone is properly seated against the 
charge. (Approximately 5 tons pressure is applied to the swaging operation.) 
(The Rotary Swaging Machine is instrumented so that the swaging pressure 
is recorded on each part.) 


The Automatic Gaging Machine receives the grenade bodies from the 
Rotary Swaging Machine via conveyor system. The gaging machine automatically 
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checks the height of the cone in the grenade body. All rejected parts exit 
from the machine thru a reject chute. All accepted parts continue on to the 
next operation. 


The Traying Machine receives the grenade bodies via conveyor 
system and automatically places the grenades into the trays and the trays 
are manually loaded into buggies for transportation to the Automatic Body 
Assembly System. 


The Automatic Body Loading System has the capability of producing 
90 ppm @ 100% efficiency. 


4, Fuze Assembly System 


The loaded M42 and M46 grenade bodies are received at the Auto- 
matic Body Assembly System's untraying machine. 


The trayed grenade bodies are manually removed from buggies and 
fed to the untraying machine. At this point the grenades are automatically 
removed from the trays and fed onto the infeed conveyor of the assembly machine. 
Grenade bodies are automatically picked up from infeed conveyor and placed 
on pallet of the assembly machine. 


Grenades are automatically oriented to accept fuze assembly and 
are locked in position. 


Fuzes are delivered to individual fuze-body assembly systems as 
required. 


Trayed fuzes are manually placed in automatic untraying machine. 
The untraying machine automatically removes fuzes from trays and feeds them 
into the Fuze Gage Station. 

Fuze firing pin is automatically gaged. Accepted fuzes are auto- 
matically fed into the Fuze Placing Station of the Body Assembly System (this 
gaging operation runs slightly faster than the assembly machine to compensate 
for a reasonable number of rejects). 


Assemble fuze to body - The fuzes are automatically positioned 
over studs on grenade body. 


Fuze orient check - The following checks are automatically per- 
formed to insure proper positioning of fuze on body. 


A. Orientation of fuze 
B. Position of arming screw weight 


C. Presence and position of spiral pin 
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Clinch fuze - The body studs are automatically staked to fasten 
the fuze assemblies to the body (staking pressure is regulated and monitored 
by means of a hydraulic Control System). 


Tape stiffener assembly - Delivered to individual assembly sys- 
tems by driverless tractor system as required and the tape stiffener assemblies 
are manually placed on circulating ribbon staking fixtures. 


The staking fixture with tape stiffener assembly is automatically 
positioned over the arming screw of the fuze. 


The tape stiffener assembly is automatically clinched to the rivet 
end of fuze arming screw (staking pressure is regulated by a hydraulic Control 
System). 


The staking fixture is removed from the assembly machine and 
recirculated for placement of more tape stiffener assemblies. 


The grenade assemblies with tape stiffener assembly, are con- 
veyed to the tape stiffener winding fixtures where the tape stiffener assen- 
blies are automatically wound. 


The grenade assembly is now complete and automatically removed 
from the assembly machine and placed on outfeed conveyor to be carried to 
traying station where the accepted grenades are trayed and placed in buggies 
for move to lot acceptance holding building as required. 


Each Automatic Body Assembly System operates at a machine rate of 
50 ppm @ 100% efficiency. 


5. Final Assembly and Pack-Out Systems 


When appropriate function tests have been performed and lot 
accepted, the buggies are transferred to final assembly building, as re- 
quired. Trays are manually removed from buggies and placed on grenade 
distribution system. 


After projectiles have been issued to Production, they are 
manually removed from pallet for departure to final assembly building. 
Projectiles are supplied to Projectile Placing Station via conveyor (sta- 
tior. is fully automatic). 


Projectile is oriented (keyway forward) and cargo back-up ram is 
extended (station will not release projectile until both operations have been 
performed). 


Perform preliminary inspection on forward plate, O-ring and rubber 
pad, grease o-ring and assemble forward plate and o-ring, place rubber pad 
on forward plate and release pallet to first grenade loading station. 


Perform necessary inspection on sleeves (long) and place sleeves 
(long) manually into projectile after grenades are in place. 
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Perform necessary inspection on spacers (long) and feed spacers 
(long) manually into the projectile after grenades are in place. 


Load layers, 1 thru 8 (M42), 9 thru 11 (M46) grenades are removed 
from trays, safety clips are removed, grenades are manually placed in pro- 
jectile. Automatic pin pulling head extends, pushes grenades into projects le, 
pulls spiral pins and retracts to up position, pin tray extends, pins are 
dropped into tray, tray retracts. Visual check for slider protruding, ribbons 
in place, and incorrect grenade 9th thru 1ith layer. 


Adapters are manually placed in projectile, along with sleeves 
(short), spacers (short) and splines (short). Machine is activated to extend, 
press adapters to predetermined pressure, retract and release pallet. 


Load Gage Station is a semi-automatic station. Extend ram, which 
puts a predetermined pressure on head. Number of shims required is noted 
by operator. Ram is retracted and number of shims required is placed in 
projectile. Receive shims from Stores and place in projectile manually as 
required. 


Receive and inspect base plug. Receive and inspect base plug - 
o-ring. Assemble base plug and o-ring. Receive and inspect Loctite. Place 
Loctite manually on base plug threads, then start base plug manually into the 
projectile. 


Torque and torque check base plug torque. 


Torque Station is fully automatic, which positions and locks pallet, 
extends torque head, torques base plug to a predetermined torque, reverses, 
applies break-away torque, reverses again and applies full torque. Pallet 
is then released for transfer to next operation. 


(If base plug does not withstand break-away torque, an alarm is 
sounded and operation of station is taken over by bay supervisor for disposi- 
tion of rejected torqued projectile). Projectile is manually checked for 
gap between the base plug and projectile (rejects are removed at this point). 


Transfer to pack-out system - This operation is fully automated to 
remove projectile from Cross Transfer System, transfer projectile to pack-out 
system and place base-end down in pack-out pellet. 


Pack-Out Operation - 


Zone Weigh: This operation is fully automated to weigh and verify 
the weight of assembled projectile. The station engages the projectile, weighs 
it, gives a digital read-out of the weight and disengages from the projectile. 
Weight is retained in a memory system and transferred to the stencil and zone 
Stake station. Pallet is then released for next operation. 
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Stencil and Zone Stake - is fully automated to stencil and zone 
stake projectile with a memory from previous station. The projectile is en- 
gaged, stenciled as to nomenclature and punch-marked to appropriate zone. 
(Visual inspection of marking). 


Receive and unpack cups - place cups manually on trays for usage 
at stake station. 


Insert cups manually in projectile. 


Stake and gage cup - is a semi-automatic station. When projectile 
is locked station, operator places cup in projectile, activates station which 
locates, stakes and gauges cup. 


Receive and inspect propellant - Propellant is supplied to bay 
via powder buggy, and manually poured into hopper of powder loader, which is 
inside a barricade. Receive and inspect cap and spring assembly and transfer 
to bay for usage. 


The three operations immediately following are performed in G Line: 


Load propellant in bag - operator places bag over spout below 
loader and activates switch, which drops correct amount of propellant into 
bag. 


Seal bag - bags are sealed by remote control after they are placed 
in heat seal unit and barricade door is closed. Leak test is required. Sealed 
bag is placed in a chamber of water and pressurized to appropriate amounts. 


Pack-out bag - bags are placed in proper containers after passing 
inspection and shipped to final assembly. 


Place charge and start nose plug. When depth of cup has been 
verified correct, operator places charge and starts nose plug. 


Torque and Torque Check Nose Plug - This station is fully auto- 
matic station which positions and locks pallet, extends torque head, torques 
nose plug to a predetermined torque, reverses, applies break-away torque, 
reverses again and applies full torque. Pallet is then released for transfer 
to next operation (if nose plug will not stand break-away torque, a reject 
memory pin will be set cancelling all subsequent operation). 


Leak Test - This station is a semi-automatic station which locks 
projectile in position. The air test chamber moves down over projectile seals 
against the base of pallet. Chamber is pressurized to required amount. Chamber 
is then de-pressurized and retracted from projectile. If acceptable, operator 
then releases pallet (if rejected, a reject memory pin will be set cancelling 
all subsequent operations). 


oF 


Receive grommet and place manually on projectile following removal 
from pack-out system. 


Pelletize - This is a manually operated station to place projectile 
on pallets, receive lids, stencil lids manually, place lid on pallets. After 
lid is placed on pallet or projectiles it is strapped and sealed. Straps are 
stapled to pallet manually. 


When inspection of pallet is complete it is moved to shipping 
area for necessary paper work for shipment to storage. 


C. SIMPLIFIED BLOCK DIAGRAM 
Figure JII-B contains a block diagram of a load, assemble and pack 
operations for the M483 projectile. This diagram is not the exact layout 


of the LSAAP operation. Its intent is merely to show the logical flow of 
material described in the narrative of the system operation. 
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APPENDIX B. COMPUTER RAM ANALYSIS FOR HARDNESS, 
LEAD CUP INSERTION, BODY LOADING, FUZE ASSEMBLY, AND 
FINAL ASSEMBLY/PACK-OUT 
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DISTRIBUTION LIST 


Project Manager Munitions Production 
Base Modernization §& Expansion 
ATTN: DRCPM-PBM 
DRCPM~PBM-DP 
DRCPM-PBM-T 
DRCPM-PBM-T-PA 
DRCPM-PBM-L 
DRCPM-PBM-LS 
DRCPM-PBM-MA 
Dover, NJ 07801 


Project Manager for Selected Ammunition 
ATTN: DRCPM-SA 
Dover, NJ 07801 


COPY NUMBER 


11-12 


U.S. Army Armament Materiel Readiness Command 


ATTN: DRSAR-IRI 
DRSAR-QA 
Rock Is and, IL 61299 


Commander 
Lone Star Army Ammunition Plant 
ATTN: SARLS-CO 
SARLS~EN 
SARLS=-QA 
Texarkana, TX 75501 


D&Z Inc,, Lone Star Division 
ATTN: Mr. J. Raffaelli 
Texarkana, TX 75501 


Commander 

Kansas Army Ammunition Plant 
ATTN: SARKA-EN 

Parsons, KN €7357 


D&Z Inc., Kansas Division 
ATTN: (QC Dept 
Parsons, KN 67357 


Commander 

Milan Army Ammunition Plant 
ATTN: SARMI-EN 

Milan, TN 38358 


13-14 
15 


16 
17-18 
10-20 


21-23 


24-25 


26 
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Commander 
US Army Armament Research & Development Command 


ATTN: DRDAR-TD 28 
DRDAR-SE 29 
DRDAR-LCU 30-34 
DRDAR-LCS 35 
DRDAR-LCM 36 
DRDAR-QA 37 
DRDAR-QAR 36-51 
DRDAR-QAS 52-65 
DRDAR-TSS 66-70 


Dover, NJ 07801 


Defense Documentation Center 71-82 
Cameron Station 
Alexandria, VA 22314 


Weapon System Concept Team/CSL 
ATTN: DRDAR-ACW 83 
Aberdeen Proving Cround, MD 21010 


Technical Library 
ATTN: DRDAR-CLJ-L 84 
Aberdeen Proving Ground, MD 21010 


Technical Library 
ATTN: DRDAR-TSB-S 85 
Aberdeen Proving Ground, MD 21005 


Benet Weapons Laboratory 
Technical Library, ATTN: DRDAR-LCB-TL 86 
Watervliet, NY 12189 


Commander 

US Army Armament Materiel Readiness Command 

ATTN: DRSAR-LEP-L 87 
Rock Island, IL 61299 


Director 

U.S. Army TRADOC Systems Analysis Activity 

ATTN: ATAA-SL (Tech Lib) 88 
White Sands Missile Range, NM _ 88002 
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